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Correspondence: New methods for evaluation of discomfort glare 
 
Steve Fotios 
School of Architecture, University of Sheffield, UK.  
 
At a recent international lighting research conference there were several presentations 
concerning the measurement of discomfort due to glare. These presented new research 
data and used the data to develop predictive models. One feature common to all of the 
studies was that discomfort had been evaluated using only a category rating procedure. A 
second common feature was that there were no steps for checking internal validity. These 
steps, such as control conditions or parallel procedures, provide evidence for responding to 
WKHTXHVWLRQ³ZK\VKRXOGZHEHOLHYHWKHVHGDWD"´We need to question validity because 
there are many reasons to suspect that the results of discomfort glare evaluations from 
category rating or other commonly used procedures are biased and possibly completely 
misleading.1-5   
 
One common problem is stimulus range bias, the tendency for responses to be mapped to 
the range of stimuli chosen by the experimenter. Regardless of the range of visual scenes 
evaluated, range bias means it is likely that the scene prompting the least discomfort will be 
plotted at the lower end of the rating scale while the scene prompting the greatest discomfort 
will be plotted at the upper end of the rating scale.2 Stimulus range bias also affects the 
adjustment procedure.6 Range bias leads to two problems. First, experiments using different 
stimulus ranges will tend to reveal different thresholds: consideration of range bias may 
explain why one author¶s data set is not well fitted by another author¶s model, and thus 
question the need for yet another tentative model to be added. Second, any attempt to 
validate by repetition the findings of a previous study using a similar set of visual scenes and 
response scale is likely to provide validation by default: this is trivial because stimulus range 
bias means any other outcome would be unlikely.  
 
Criticising the studies of others does not lead to constructive progress unless there is a 
UHVSRQVHWRWKHTXHVWLRQ³ZKDWVKRXOGZHGRLQVWHDG"´ Presented here are five ideas for 
better ways to examine discomfort due to glare. 
 
1. Continue using the conventional approaches (category rating and luminance adjustment) 
but attempt to disprove rather than validate a previous finding. This might be by using a 
different rating scale format and/or a different range of stimulus conditions. If a previous 
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finding is supported despite good attempts to disprove it, then it may be considered 
robust.  
2. Seek the same evaluation but with a different question. Specifically, rather than ask for 
an evaluation of discomfort, ask for an evaluation of comfort. If the two approaches are 
equally valid, they should reveal the same comfort-discomfort threshold. This proposal 
follows the discussion of Halkjelsvik et al [7] who compared estimates of the time needed 
to complete a given task with estimates of the amount of work that could be completed in 
a given time.7   
3. Continue using the conventional methods but develop new approaches to analysis. An 
example of this is the day-dark method for investigating perceived safety, specifically the 
optimal characteristics of road lighting for enhancing the reassurance of pedestrians.8 
The conventional approach is to evaluate, after dark, perceived safety in roads of 
different illuminance (or other characteristics) and seek that illuminance giving the 
highest rating of safety. That process tends to lead to the trivial finding that the higher 
illuminance is always perceived as safer, regardless of the range of illuminances 
included.9 The day-dark approach captures evaluations of safety in daytime as well as 
after dark, and seeks lighting characteristics which minimise the day-dark difference. For 
discomfort glare this might be the difference in ratings between a test and standard 
lighting condition: at a minimum, such an approach might reduce variance due to 
between-subjects differences in discomfort tolerance. As a further example of alternative 
methods, consider the memory colours approach used to extend research of colour 
rendition characteristics.10   
4. Consider behavioural or involuntary physiological responses rather than subjective 
evaluations (in other words, revealed preferences rather than stated preferences). 
Physiological measurements include direction of gaze, change in pupil size and EMG 
(electromyography, the intensity of the electrical activity in the muscles surrounding the 
eye).11-14 Behavioural measurements include adaptive actions taken to counter glare 
such as shutting window blinds or changing seating position.15 While such studies have 
been reported they appear to be far fewer than subjective evaluations and do not yet 
appear to be feeding in to discomfort glare models.  
5. The final proposal is to recognise that absolute thresholds are an unrealistic target for 
subjective evaluations.2 Absolute thresholds are, for example, the source luminance 
associated with a specific level of discomfort. We should instead consider only relative 
effects, for example that one scene offers a lower degree of comfort than a second 
scene. This approach could be utilised if a reference scene of an agreed level of 
discomfort were to be universally adopted.    
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As to which of these ideas will be productive, I do not know. But what I do suspect is that 
repeated use of rating scales in yet more discomfort glare evaluations is unlikely to lead to 
any breakthroughs in our knowledge of the discomfort due to glare.  
 
References 
1 CIE report 212:2014. Guidance Towards Best Practice In Psychophysical Procedures 
Used When Measuring Relative Spatial Brightness. Commission Internationale De 
/¶eFODLUDJH9LHQQD 
2 Poulton EC. 1977. Quantitative subjective assessments are almost always biased, 
sometimes completely misleading. British Journal of Psychology 1977; 68: 409-425.  
3 Fotios S. Research Note: Uncertainty in subjective evaluation of discomfort glare. 
Lighting Research and Technology 2015; 47(3): 379-383.  
4 Kent M, Fotios S, Altomonte S. Discomfort glare evaluation: The influence of anchor 
bias in luminance adjustments. Lighting Research and Technology. First Published 
October 13, 2017. doi.org/10.1177/1477153517734280  
5 Lulla AB. Range effects in discomfort glare. Thesis submitted for Master of Science 
degree. Kansas State University, Kansas, USA. 1978.  
6 Fotios SA, Cheal C. Stimulus range bias explains the outcome of preferred-illuminance 
adjustments. Lighting Research and Technology 2010; 42(4): 433-447.  
7 +DONMHOVYLN7-¡UJHQVHQ07HLJHQ.+7RUHDGWZRSDJHV,QHHGௗPLQXWHVEXWJLYH
PHௗPLQXWHVDQG,ZLOOUHDGIRXUHow to change productivity estimates by inverting the 
question. Applied Cognitive Psychology 2011; 25(2): 314-323.  
8 Boyce PR, Eklund NH, Hamilton BJ, Bruno LD. Perceptions of safety at night in different 
lighting conditions. Lighting Research and Technology 2000; 32: 79-91.   
9 Fotios S, Castleton H. Specifying enough light to feel reassured on pedestrian footpaths. 
Leukos 2016; 12(4): 235-243.  
10 Smet KAG, Hanselaer P. Memory and preferred colours and the colour rendition of 
white light sources. Lighting Research and Technology 2016; 48(4): 393-411.   
11 Berman S, Bullimore M, Jacobs R, Bailey I, Gandhi N. An objective measure of 
discomfort glare. Journal of the Illuminating Engineering Society 1994; 23: 40±49. 
12 Lin Y, Fotios S, Wei M, Liu Y, Guo W, Sun Y. Eye movement and pupil size constriction 
under discomfort glare. Investigative Ophthalmology and Visual Science 2015; 56(3): 
1649-1656.  
13 Murray I, Plainis S, Carden D. The ocular stress monitor: a new device for measuring 
discomfort glare. Lighting Research and Technology 2002; 34: 231±239.  
14 Yamín Garretón JA, Rodriguez RG, Pattini AE. Glare indicators: an analysis of ocular 
behaviour in an office equipped with venetian blinds. Indoor and Built Environment 
2016; 25(1): 69±80.  
15 2¶1HLO604XDQWLI\LQJDGDSWLYHEHKDYLRUDOUHVSRQVHVWRGLVFRPIRUWJODUH± a 
comparative analysis of daylit offices. Thesis for Master of Science. University of 
Oregon, USA. 2015.  
 
